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(54) Catalyst for polymerization of olefins 



(57) A catalyst useful for tfie production of oleflnic polymers which comprises a compound (A) of the formula 

I 



Me\OR')pRqX;.p^ 



where R' and R2 each are C^-C24 hydrocarbon moieties, Is a halogen atom, Me^ is titanium, zirconium or hafnium, 
p is 0 s pS 4, q is 0 S q S 4, and p+q is 0 s p+q -s 4; 

a metal hydride compound (B) consisting at least of one of the compounds of the formulae: 



(Ba) 

(Bb) 

and 
(Be) 



Me^HaR3.3 



Me^(Me^HbR''(OR^4.b.<^,2 



o 



\ 



R 



aMe^H 



IV 



wherein R^, R^, R5 and R® each are C, -C24 hydrocarbon moieties, Me^ is an element of Group 1 3 in the Periodic Table, 
Me^ is an element of Group r 2 or 1 2 in the Periodic Table, 2 is a valence of Me^, a, b, c and d are 1 ^ a 3, 1 b 
^4, 0<c<^3, 0<d<4. respectively and 1 ^ b+c ^ 4; 

an organocyclic compound (C) having two or more conjugated double-bonds: and a borate and/or borane (D). The 
invention further contemplates the incroporation into the above composition of a modified organoaluminum compound 
(E) having AI-O-AI bonds to provide enhanced catalytic performance. 
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D scrtption 

This invention relates to catalysts useful for the production of olefin ic polymers. The term oleflnic polymers as used 
herein denotes both homopolymers and copolymers of olefinic hydrocarbons. 

As disclosed in Japanese Patent Laid-Open Publication No. 58-19309= it has been proposed to produce ethylene 
homopolymers or ethylene-a-oleftn copolymers among various polyoleflns with use of a catalyst composition compris- 
ing a zirconium compound, typically a metallocene compound and an aluminoxane compound. This prior art catalyst, 
though reputed for high polymer yields, is liable to form such a homopolymer or copolymer which is of a low molecular 
weight and such a homopolymer which has a relatively narrow molecular weight distribution. With consideration given 
solely to an increase in the molecular weight of polyolefins, this may be achieved to some extent by the use of a selected 
metallocene compound. Japanese Laid-Open Patent Publication No. 63-251405 discloses the use of a dicyclopenta- 
dienyl hafnium compound. However this hafnium compound is rather difficult to synthesize and inferior in catalylic 
activity to a dicyclopentadienyl zirconium compound. The hafnium compound is further disadvantageous in that the 
resultant polymers have a relatively narrow molecular weight distribution and in the case of copolymers fail to provide 
a modal distribution as narrow as desired. These requirements long sought for in the relevant industry have yet to be 
fulfilled. Aluminoxane compounds, methylaluminoxane compounds in particular, are known as useful promoters, if 
added in generous quantities, for providing increased yields of polymers, but they are prohibitive in price. A particular 
emphasis has therefore been placed on the availability of effective catalysts with a minimum usage of aluminoxane. 

The present inventors have previously proposed (as disclosed in Japanese Laid-Open Patent Publication No. 
6-248010) to use a novel catalyst composition for the production of oleflnic polymers at an increased rate of yield in 
the total absence of or in the presence of a minimum amount of aluminoxane relative to a given transition metal com- 
pound. The present invention is directed to a further improvement in and relating to that prior proposal. 

The invention provides a polymerization catalyst composition which comprises a compound (A) of the formula 

Me^OR^^R^ x\ I 

\ 'p q 4-p-q 

where R^ and R2 each are C1-C24 hydrocarbon moieties, is a halogen atom. Me^ is titanium, zirconium or hafnium, 
p is 0 < p< 4, q is 0 < q < 4, and p+q is 0 < p+q <4; 

a metal hydride compound (B) consisting at least of one of the compounds of the formulae; 
(Ba) 



(Bb) 



and (Be) 




wherein R^, R'^, R^ and R^ each are -C24 hydrocarbon moieties. Me^ is an element of Group 1 3 in the Periodic Table, 
Me^ is an element of Group 1 , 2 or 12 in the Periodic Table, Z is a valence of Me^. a, b, c and d are 1<a<3. 1 <b< 
4, 0 < c < 3, 0 < d < 4, respectively and 1 < b+c < 4; 

an organocyclic compound (C) having two or more conjugated double-bonds: and a borate and/or borane (D). 

The inventive catalyst of the above definition further includes a modified organoaluminum compound (E) containing 
an AI-O-AI bond. 

The catalysts provided in accordance with the invention contribute to the production of olefinic polymers having 
the following advantageous features: 

1. Increased molecular weight 

2. Wide and controllable molecular weight distribution 

3. Narrow modal distribution where the resultant product is a copolymer, particularly ethylene-a-olefin copolymer 



Me^HaR^3.3 
Me^[Me^HbR^(OR^4.(^.j2 
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4. Minimum catalyst residues in the polymer products 

5. Low melting point 

6. Excellent heat-sealing ability 

It has further been found that the polymers produced with use of the inventive catalyst are suitable for high speed 
molding such as a blown method, and give an extruded film highly transparent, resistant to blocking, tack-free and 
high tensile strength. The inventive catalyst composition if added with a modified organoaluminum compound can 
maintain a high level of catalytic efficiency even with a minimum usage of such aluminum compound. In addition, the 
catalysts of the invention can be prepared with utmost ease and efficiency. 

Figure 1 is a flow diagram schematically illustrating the process of preparing the inventive catalysts. 

The compound or component (A) of the catalyst composition of the invention comprises one or more compounds 
of the formula 

(\^e\OR^pR%x\.p.^ I 

where and R^ each are C1-C24, preferably C^-C^2' ^ore preferably C^-Cs hydrocarbon groups including an alkyi 
group such as methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, isobutyl, tert-butyl. cyclobutyl, pentyl, isopentyl, ne- 
opentyl, cyclopentyl, hexyl isohexyl, cyclohexyl, heptyl, octyl or the like, an alkenyl group such as vinyl, aliyi or the 
like, an aryl group such as phenyl, tolyl, xylyl, mesityl, indenyl, naphthyl or the like, and an aralkyi group such as benzyl, 
trityl, phenethyl, styryl, benzhydryl, phenylbutyL phenylpropyl, neophyl or the like. 

Each of the hydrocarbon groups includes all structural isomers. In the case where the component (A) has more 
than two hydrocarbon groups, these groups may be the same or different. 

is a halogen atom such as fluorine, iodine, chlorine and bromine. Me^ denotes zirconium (Zr)i titanium (Ti) and 
hafnium (Hf). Zirconium is preferred for the purpose of the invention, p and q are 0 < p < 4 and 0 < q < 4, respectively 
and 0 < p+q < 4, preferably 0 < p+q < 4. 

The component (A) exemplarily and specifically includes tetramethyl zirconium, tetraethyl zirconium, tetrapropyl 
zirconium, tetra-n-butyl zirconium, tetrapentyl zirconium, tetraphenyl zirconium, tetratolyl zirconium, tetrabenzyl zirco- 
nium, tetramethoxy zirconium, tetraethoxy zirconium, tetrapropoxy zirconium, tetrabutoxy zirconium, tetraphenoxy zir- 
conium, tetratolyloxy zirconium, tetrapentytoxy zirconium, tetrabenzyloxy zirconium, tetraallyl zirconium, tetraneophyl 
zirconium, trimethylmonochlorozirconium, triethylmonochlorozirconium, tripropylmonochlorozirconium, tri-n-butylmon- 
ochlorozirconium, tribenzylmonochlorozirconium, triethyldichlorozirconium, diethyldichlorozirconium, di-n-butyldichlo- 
rozirconium, dibenzyldichlorozirconium, monomethyltrichlorozirconium, monoethyltrichtorozirconium, mono-n-butyl- 
trichlorozirconium, monobenzyltrichlorozirconium, tetrachlorozirconium, trimethoxymonochlorozirconium, dimethoxy- 
dichlorozirconium, monomethoxytrichlorozirconium, tetraethoxyzirconium, triethoxymonochlorozirconium, diethoxy- 
dichlorozirconium, monoethoxytrichlorozirconium, tetraisopropoxyzirconium, triisopropoxymonochlorozirconium, di- 
isopropoxydichlorozirconium, monoizopropoxytrtchlorozirconium, tetra-n-butoxyzirconium, tri-n-butoxymonochlorozir- 
conium, di-n-butoxydichlorozirconium, mono-n-butoxytrichylorozirconium, tetrapentoxyzirconium, tripentoxymono- 
chlorozirconium, dipentoxydichlorozirconium, monopentoxytrichlorozirconium, tetraphenoxyzirconium, triphenoxy- 
monochlorozirconium, diphenoxydichlorozirconium, monophenoxytrichlorozirconium, tetratolyloxyzirconium, 
tritolyloxymonochlorozirconium, ditolyloxydichlorozirconium, monotolyloxytrichlorozirconium, tetrabenzyloxyzirconi- 
um, tribenzyloxymonochlorozirconium, dibenzyloxydichlorozirconium, monobenzyloxytrichlorozirconium, trimethyl- 
monobromozirconium, triethylmonobromozirconium, tripropylmonobromozirconium, tri-n-butylmonobromozirconium, 
irtbenzylmonobromozirconium, dimethyldibromozirconium, diethyldibromozirconium, di-n-butyldibromozirconium, 
dibenzyldibromozirconium, monomethyltribromozirconium, monoethyltribromozirconium, mono-n-butyltribromozirco- 
nium, monobenzyltribromozirconium, telrabromozirconium, trimethoxymonobromozirconium, dimethoxydibromozirco- 
nium, monomethoxytribromozirconium, triethoxymonobromozirconium, diethoxydibromozirconium, monoethoxytribro- 
mozirconium, triisopropoxymonobromozirconium, diisopropoxydibromozirconium, monoisopropoxytribromozirconium, 
tri-n-butoxymonobromozirconium. di-n-butoxydibromozirconium, mono-n-butoxytribromozirconium, tripentoxymono- 
bromozirconium, dipentoxydibromozirconium, monopentoxytribromozirconium, triphenoxymonobromozirconium, 
diphenoxydibromozirconium, monophenoxytribromozirconium, tritolyloxymonobromozirconium, ditolyloxydibromozir- 
conium, monotolyloxytribromozirconium, tribenzyloxymonobromozirconium. dibenzyloxydibromozirconium, monoben- 
zyloxytribromozirconium, trimethylmonoiodozirconium, triethylmonoiodozircontum, tripropylmonoiodozirconium, tri-n- 
butylmonoiodozirconium, tribenzylmonoiodozirconium. dimethyldiiodozirconium, diethyldiiodozirconium, di-n-butyldii- 
odozirconium, dibenzyldiiodozirconium, monomethyltriiodozirconium, monoethyltriiodozirconium, mono-n-butyltriio- 
dozirconium, monobenzyltriiodozirconium, tetraiodozirconium, trimethoxymonoiodozirconium, dimethoxydiiodozirco- 
nium, monomethoxytriiodozirconium, triethyoxymonoiodozirconium, diethoxydiiodozirconium, monoethoxytriiodozir- 
conium, triisopropoxymonoiodozirconium, diisopropoxydiiodozirconium, monoisopropoxytriiodozirconium, tri-n-butox- 
ymonoiodozirconium, di-n-butoxytriiodoztrconium, tripentoxymonoiodozirconium, dipentoxydiiodozirconium^ 
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monopentoxytriiodozirconium, triphenoxymonoiodozirconium, diphenoxydiiodozirconium, monophenoxytriiodozirconi- 
um, trilolyloxymonoiodozirconium. dilolyloxydiiodozirconium, monotolyloxytriiodozirconiunri: tribenzyloxymonoiodozir- 
conium, dibenzyloxydiiodozirconium, monobenzyloxytriiodozirconium, tribenzylmonomethoxyzirconium, tribenzylmo- 
noethoxyzirconium, tribenzylmonopropoxyzirconium, tribenzylmonobutoxyzirconium, tribenzylmonophenoxyzirconi- 
um. dibenzyldimethoxyzirconium, dibenzyldiethoxyzirconium, dibenzyldipropoxyzirconium, dibenzyldibutoxyzirconi- 
um, dibenzyldiphenoxyzirconium, monobenzyltrimethoxyzirconium, monobenzyltriethoxyzirconium, monobenzyltripro- 
poxyzirconium, monobenzyltributoxyzirconium, monobenzyltriphenoxyzirconium, trineophylmonomethoxyzirconium, 
trineophylmonoethoxyzirconium. trineophylmonopropoxyzirconium, trineophylmonobutoxyzirconium, trineophyl- 
monophenoxyzirconium, dineophyldimethoxyzirconium, dineophyldiethoxyzirconium. dineophyldipropoxyzirconium. 
dineophyldibutoxyzirconium, dineophyldiphenoxyzirconium. mononeophyltrimethoxyzirconium, mononeophyltriethox- 
yzirconium. mononeophyltripropoxyzirconium: mononeophyllrtbutoxyzirconium, mononeophyltriphenoxyzirconium, te- 
tramethyl titanium, tetraethyt titanium, tetrapropyl titanium, tetra-n-butyl titanium, tetrapentyl titanium, tetrapheny! tita- 
nium, tetratolyl titanium, tetrabenzyl titanium, tetramethoxy titanium, tetraethoxy titanium, tetrapropoxy titanium, 
tetrabutoxy titanium, tetraphenoxy titanium, tetratolyloxy titanium, tetrapentyloxy titanium, tetrabenzyloxy titanium, 
tetraallyl titanium, tetraneophyl titanium, trimethylmonochlorotitanium, triethylmonochlorotitanium, tripropylmonochlo- 
rotltanium, tri-n-butylmonochlorotitanlum, tribenzylmonochlorotitanium, dimethyldichlorotitanium, diethyldichlorotitani- 
um, di-n-butyldichlorotitanium, dibenzyldichlorotitanium, monomethyltrichlorotitanium, monoethyltrichlorotitanlum, mo- 
no-n-butyltrlchlorotltanium, monobenzyltrichtorotitanium, tetramethoxytitanium, trimethoxymonochlorotitanium, 
dlmethoxydichlorotitanium, monomethoxytrichlorotitanium, tetraethoxytitanium, triethoxytrichlorotitanium, tetraisopro- 
poxytitanium, triisopropoxymonochlorot Itanium, diisopropoxydichlorot Itanium, monosiopropoxytrichlorotitanium, tetra- 
n-butoxytitanium, tri-n-butoxymonochlorotitanium, dl-n-butoxydichlorotltanlum, mono-n-butoxytrichiorotitanium, 
tetrapentoxytitanium, tripentoxymonochlorotitanium, dipentoxydichlorotitanium. monopentoxytrichlorotitanium, tetra- 
phenoxytitanium, triphenoxymonochlorotitanlum, diphenoxydichlorotitanium, monophenoxytrichlorotitanium, tetratoly- 
loxytltanium, tritolyloxymonochlorotitanium, dltolyloxydichlorotitanium, monotolyloxytrichlorotitanium, tetrabenzyloxyti- 
tanium, tribenzyloxymonochlorotitanium, dibenzyloxydichlorotltanium, monobenzyloxytrichlorotltanium, trimethymono- 
bromotitanium, triethylmonobromotitanium, tripropylmonobromotitanlum, tri-n-butylmonobromotltanium, tribenzyl- 
monobromotitanium, dimethyldibromotltanium, diethyldibromotitanium, di-n-butyldlbromotltanium, dlbenzyldlbromoti- 
tantum, monomethyltrlbromotitanlum, monoethyltribromotitanium, mono-n-butyltribromotitanium, monobenzyltrlbro- 
motitanium, tetrabromotltanium, trimethoxymonobromotitanium, dimethoxydibromotitanium, monomethoxytribromoti- 
tanium, triethoxymonobromotitanium, diethoxydlbromotltanium, monoethoxytrlbromotitanium, triisopropoxymonobro- 
motltanium, diisopropoxydibromotitanlum, monoisopropoxytribromotitanium, tri-n-butoxymonobromotitanium, di-n- 
butoxydibromotitanium, mono-n-butoxytribromotltanium, tripentodymonobromotltanlum, dipentoxydlbromotitanium, 
monopentoxytribromotltanium, triphenoxymonobromotitanium, dlphenoxydlbromotltanlum. monophenoxytribromotita- 
nium, trltolyloxymonobromotitanium, ditolyloxydlbromotltanlum, monotolyloxytrlbromotitanium, trlbenzyloxymonobro- 
motitanium, dibenzyloxydibromotltanium, monobenzyloxytrlbromotltanium, trimethylmonoiodotitanlum. triethylmonoio- 
dotitanlum, tripropylmonolodotitanlum, tri-n-butylmonolodotitanium, tribenzyimonoiodotitanium, dimethyldliodotitani- 
um, diethyldilodotltanium, di-n-butyldiiodotltanium, dibenzyldiiodotitanium, monomethyltrilodotitanium, monoethyltrilo- 
dotitanium, mono-n-butyltriiodotltanlum, monobenzyltriiodotitanium= tetraiodotitanium, trimethoxymonoiodotitanium, 
dimethoxydiiodotitanium, monomethoxytrilodotitanium, triethoxymonoiodotitanium, diethoxydiiodotitanium, mo- 
noethoxytriiodotltanium, triisopropoxymonoiodotitanium, dlisopropoxydiiodotltanium, monoisopropoxytrilcxJotitanium, 
tri-n-butoxymonoiodotitanium, di-n-butoxydiiodotitanlum, mono-n-butoxytriiodotitanium, tripentoxymonolodotitanlum, 
dipentoxydiiodotitanium, monopentoxytriiodotitanium, triphenoxymonoiodotitanium, diphenoxydllodotitanium, 
monophenoxytriiodotitanium. trltolyloxymonoicxJotitanium, ditolyloxydiiodotitanium, monotolyloxytrllcxJotitanium, 
tribenzyloxymonolodotitanium, dibenzyloxydiiodotitanium, monobenzyloxytriiodotitanium, trlbenzylmonomethoxytita- 
nium, tribenzylmonoethoxytitanium, tribenzylmonopropoxytitanlum, tribenzylmonobutoxytitanium, tribenzylmonophe- 
noxytitanium, dibenzyldimethoxytitanium, dibenzyldiethoxytitanlum, dibenzyldidipropoxytitanium. dibenzyldldibutoxyti- 
tanium. dibenzyldidiphenoxytltanium, monobenzyltrimethoxytitanium, monobenzyltriethoxytitanium, monobenzyl- 
irlpropoxytitanium, monobenzyltrlbutoxytitanium, monobenzyltrlphenoxytitanium, trineophylmonomethoxytitanlum, tri- 
neophylmonoethoxytitanium, trineophylmonopropoxytitanium, trineophylmonobutoxytitanium, trineophylmonophenox- 
ytitanium, dineophyldimethoxytitanium= dineophyldiethoxytitanium, dineophyldipropoxytitanium, dineophyldibutoxyti- 
tanlum, dineophyldiphenoxytitanium, dineophyltrimethoxytitanium, mononeophyltriethoxytttanium, mononeophyltripro- 
poxyribtoxytitanium, mononeophyltriphenoxytitanium, tetramethyl hafnium, tetraethyl hafnium, tetrapropyl hafnium, tet- 
ra-n-butyl hafnium, tetrapentyl hafnium, tetraphenyl hafnium, tetratolyl hafnium, tetrabenzyl hafnium, tetramethoxy 
hafnium, tetraethoxy hafnium, tetrapropoxy hafnium, tetrabutoxy hafnium, tetraphenoxy hafnium, tetratolyloxy hafnium, 
tetrapentyloxy hafnium, tetrabenzyloxy hafnium, tetraallyl hafnium, tetraneophyl hafnium, trimethylmonochlorohafni- 
um. triethylmonochlorohafnium, tripropylmonochloro hafnium, tri-n-butylmonochloro hafnium, tribenzylmonochloro haf- 
nium, dimethyldichlorohafnium. diethyldichtorohafnium, di-n-butytdichlorohafnium, dibenzyldichlorohafnium, mono- 
methyllrichlorohafnium, monoethyltrichlorohafnium. mono-n-butyltrichlorohafnium, monobenzyltrichlorohafnium, te- 
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tramethoxyhafnium, trimethoxymonochlorohafnium, dimethoxydichlorohafnium: monomethoxytrichlorohafnium. tetra- 
ethoxyhafnium, triethoxymoncxhiorohafnium, diethoxydichlorohafnium, monoethoxytrichlorohafnium. tetraisopropox- 
yhafnium, triisopropoxymonochlorohafnium, diisopropoxydichlorohafnium, monoisopropoxytrichlorohafnium, letra-o- 
butoxyhafnium, tri-n-butoxymonochlorohafnium, di-n-butoxydichlorohafniunri: mono-n-butoxytrichlorohafnium, tetrap- 
5 entoxyhafnium, tripentoxymonochlorohafnium, dipentoxydichlorohafnium. monopentoxytrtchlorohafnium, tetraphe- 
noxyhafnium, triphenoxymonochlorohafnium, diphenoxydichlorohafnium, monophenoxytrichtorohafnium, tetratoly- 
loxyhafnium, tritotyloxymonochlorohafnium, ditolyloxydichlorohafnium, monotolyloxytrichlorohafnium, tetrabenzyloxy- 
hafnium, tribenzyloxymonochlorohafnium. dibenzyloxydichlorohafnium, monobenzyloxytrichlorohafnium: trimethyl- 
monobromohafnium, triethylmonobromohafnium, tripropylmonobromohafnium, tri-n-butylmonobromohafnium, triben- 

10 zylmonobromohafnium, dimethyldibromohafnium, diethyldibromohafnium, di-n-butyldibromohafnium, dibenzyldibro- 
mohafnium, monoethyltribromohafnium, monoethyltribromohafnium, mono-n-butyltribromohafnium, monobenzyltri- 
bromohafnium, tetrabromohafnium, trimethoxymonobromohafnium, dimethoxydibromohafnium, monomethoxytribro- 
mohafnium, triethoxymonobromohafnium. dielhoxydibromohatnium, monoethoxytribromohafnium, 

triisopropoxymonobromohafnium, diisopropoxydibromohafnium, monoisopropoxytribromohafnium, tri-n-butoxymono- 

?5 bromohafnium, di-n-butoxydibromohafnium, mono-n-butoxytribromohafnium, tripentoxymonobromohafnium. dipen- 
toxydibromohafnium, monopentoxytribromohafnium, triphenoxymonobromohafnium^ diphenoxydibromohafnlum, 
monophenoxytribromohafnium, tritolyloxymonobromohafnium, ditolyloxydibromohafnium, monotolyloxytribromohafni- 
um, tribenzyloxybromohafnium, dibenzyloxydibromohafnium, monobenzyloxytribromohafnium, trimethylmonoiodohaf- 
nium, triethylmonoiodohafnium, tripropylmonoiodohafnium, tri-n-butylmonoiodohafnium. tribenzylmonoiodohafnium, 

20 dimethyldiiodohafnium, diethyldtiodohafnium, di-n-butytdiiodohafnium, dibenzytdiiodohafnium, monomethyltriiodohaf- 
nium, monoethyltriiodohafnium, mono-n-butyltriiodohafnium, monobenzyltriiodohafnium, tetraiodohafnium, trimethox- 
ymonoiodohafnium, dimethoxydiiodohafnium, monomethoxytriiodohafnium, triethoxymonoiodohafnium, diethoxydiio- 
dohafnium, monoethoxytriiodohafnium, triisopropoxymonoiodohafnium, diisopropoxydiiodohafnium, monoisopropox- 
ytriiodohafnium, Iri-n-butoxymonoiodohafnium, di-n-butoxydiiodohafnium: mono-n-butoxytriiodohafnium, tripentoxy- 

25 monoiodohafnium, dipentoxydiiodohafnium, monopentoxytriiodohafnium, triphenoxymonoiodohafnium, diphenoxydii- 
odohafnium, monophenoxytriiodohafnium, tritolyloxymonoiodohafnium, ditolyloxydiiodohafnium, monotolyloxytriiodo- 
hafnium, tribenzyloxymonoiodohafnium, dibenzyloxydiiodohafnium, monobenzyloxytriiodohafnium, tribenzylmono- 
methoxyhafnium. tribenzylmonoethoxyhafnium, tribenzylmonopropoxyhafnium, tribenzylmonobutoxyhafnium. triben- 
zylmonophenoxyhafnium, dibenzyldimethoxyhafnium, dibenzyldiethoxyhafnium, dibenzyldipropoxyhafnium, 

30 dibenzyldibutoxyhafnium. dibenzyldiphenoxyhafnium, monobenzyltrimethoxyhafnium, monobenzyltriethoxyhafnium, 
monobenzyltripropoxyhafnium, monobenzyltributoxyhafnium, monobenzyltriphenoxyhafnium, trineophylmonomethox- 
yhafnium, trineophylmonoethoxyhafnium, trineophylmonopropoxyhafnium, trineophylmonobutoxyhafnium, trineophyl- 
monophenoxyhafnium, dineophyldimethoxyhafnium, dineophyldiethoxyhafnium. dineophyldipropoxyhafnium, dineo- 
phyldibutoxyhafnium, dineophyldiphenoxyhafnium, mononeophyltrimethoxyhafnium, mononeophyltriethoxyhafnium, 

35 mononeophyltripropoxyhafnium, mononeophyltributoxyhafnium, mononeophyltriphenoxyhafnium and the other 

Preferred are tetramethyl zirconium, tetraethyl zirconium, tetrabenzyl zirconium, tetrapropoxy zirconium, tripro- 
poxymonochloro zirconium, tetrabutoxy zirconium, tetrachloro zirconium, tetrabutoxy titanium, tetrabutoxy hafnium and 
more preferred are tetraalkoxy zirconium such as tetrapropoxy zirconium and tetrabutoxy zirconium. 

The component (B) of the inventive composition is at least one of the three metal hydride compounds of the formulae 



40. 



45 



50 



(Ba) 
(Bh) 

and (Be) 



Me^HaR^3.^ 



Me^[Me^HbR^OR^4.^^.J2 



55 




IV 



where in each of the above formulae (Ba)-{Bc) Me^ is an element of Group 1 3 in the Periodic Table such as boron and 
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aluminum, Me^ is an element of Group 1 such as lithium, sodium and potassium, an element of Group 2 such as 
magnesium, calcium and barium, or an element of Group 1 2 such as zinc. R^. R"^. R^ and R^ each are 0,-024. preferably 
Ci-Og hydrocarbon groups including each alkyi group such as methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, iso- 
butyl, tert-butyl: pentyL isopentyl, neopentyl. cyclopentyl, hexyl, isohexyl. cyclohexyl. heptyl. octyl, decyl and dodecyl; 
each alkenyl group such as vinyl and allyl; each aryl group such as phenyl, tolyl, xylyl, mesityl, indenyl and naphthyl; 
and each aralkyi group such as benzyl, trityl, phenethyL styryl, benzhydryl, phenylbutyl. phenylpropyl and neophyL In 
the case where there are more than two hydrocarbon groups in the molecule, such groups may be identical or different. 

The symbol Z is a valence of Me^. a, b and c are 1 < a < 3, 1 < b < 4 and 0 < c < 3. respectively, and 1 < b+c < 4. 
d is 0 < d < 4, preferably 0 < d < 2, more preferably 0 < d < 1 , most preferably d = 0. a, b, c and d each are normally 
an integer. 

In the metal halide compound (b) where Me^ is boron, Me^ is preferably lithium, sodium or zinc, and where IV/l^ is 
aluminum, is preferably lithium, sodium or potassium. In the metal halide compound (c), there is no restriction upon 
the bond position of the hydrocarbon groups R®. However in the case of d=2. the group R^ is usually bonded at position- 
4 and position-5. position-4 and position-6= or position-5 and position-6, and in the case of d=1, at position-4 and 
position-5. 

Specific examples of the component (B) include aluminum hydride, dimethyialuminum hydride, diethylaluminum 
hydride, dipropylaluminum hydride, diisopropylaluminum hydride, dibutylaluminum hydride, diisobutylaluminum hy- 
dride, dihexylaluminum hydride, dicyclohexylaluminum hydride, lithiumaluminum hydride, sodiumaluminum hydride, 
lithiumaluminumtrimethoxy hydride, sodiumaluminumtrimethoxy hydride, lithiumaluminumtriethoxy hydride, sodiuma- 
luminumtriethoxy hydride, lithiumaluminum-tri-tert-butoxy hydride, sodiumaluminum-tri-tert-butoxy hydride, borane, di- 
borane, 2,3-dimethyl-2-butylborane, bis(3-methyl-2-butyl)borane, dicyclohexyl borane, diisopinocamphenyl borane, 
9-borabicyclo[3,3,1]nonane, catechol borane, lithiumborohydride, sodiumborohydride, zincborohydride, magnesium- 
borohydride, calciumborohydride. bariumborohydrlde, lithiumtriethylborohydride. lithiumtriisobutylborohydride, potas- 
siumtriisobutylborohydride, sodiumcyanoborohydride, potassiumcyanoborohydride, catecholborane(1 ,3.2-benzodlox- 
aborarol), 4-methyl-1 ,3,2-benzodioxaborarol, 5-methyt-1 ,3,2-benzodioxaboraroL 4,5-dimethyl-1 ,3,2-benzodioxaborar- 
ol, 4,6-dimethyl-1 ,3,2-benzodioxaborarol, 4,7-dimethyl-1 ,3,2-benzodioxaborarol, 4-ethyl-1 ,3,2-benzodioxaboraroi. 
5-ethyl-1,3,2-benzodioxaborarol, 4,5-diethyl-1 ,3,2-benzodioxaborarol, 4,6-diethyl-1 ,3.2-benzodioxaborarol, 4,7-die- 
thyl-1 ,3,2-benzodioxaborarol, 4-propyl-1 ,3,2-benzodioxaborarol, 5-propyl-1 ,3,2-benzodioxaborarol. 4.5-dipropyl- 
1 ,3,2-benzodioxaborarol. 4,6-dipropyM ,3,2-benzodioxaborarol, 4,7-dipropyl-1 ,3,2-benzodioxaborarol, 4,5,6-trime- 
thyl-1 ,3,2-benzodioxaboraroL 4,5,7-trimethyl-1 .3,2-benzodioxaborarol, 4,5,6,7-tetramethyl-1 ,3,2-benzodioxaborarol, 
preferably aluminum hydride, dimethyialuminum hydride, diethylaluminum hydride, diisobutylaluminum hydride, lithi- 
umaluminum hydride, lithiumaluminumtrimethoxy hydride, sodiumborohydride, lithiumtriisobutylborohydride and po- 
tassium triisobutylborohydride. 

Two or more of the above compounds may be used in combination, preferred such combinations being diisobuty- 
laluminum hydride and sodiumborohydride, diisobutylaluminum hydride and lithiumaluminum hydride, lithiumalumi- 
numtriethoxy hydride, sodiumborohydride or lithiumaluminumtriethoxy hydride and lithiumaluminum hydride and the 
other. 

The component (C) of the inventive catalyst composition is an organocyclic compound having more than two 
conjugated double-bonds such as a cyclic hydrocarbon compound having one or more rings having more than two, 
preferably two to four more preferably two to three conjugated double-bonds and a total carbon number of 4-24, 
preferably 4-12: a cyclic hydrocarbon compound similar to the aforesaid hydrocarbon compound which is partially 
substituted by one to six hydrocarbon groups, typically 0^-012 alky I or aralkyi groups: an organosilicone compound 
having more than two, preferably two to four, more preferably two to three conjugated double-bonds and a total carbon 
number of 4-24, preferably 4-1 2: an organosilicone compound similar to said organosilicone compound which is partially 
substituted by one to six hydrocabon groups: and alkali metal salts (sodium and lithium salts) of each of the aforesaid 
compounds. Particularly preferred are such organocyclic compounds having a cyclopentadiene molecular structure as 
are represented by the formula 




V 



R" 

where R^, R^, R^, R^o and R" each are hydrogen or a C^-C^q hydrocarbon group, any two of these hydrocarbon groups 
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jointly forming a conjugated double-bond-containing ring which is usually 6-8 membered. The C^-C^q hydrocarbon 
groups include each alkyi group such as methyl ethyl, propyl, isopropyL. butyl, tert-butyL hexyl and octyl; an aryl group 
such as phenyl; an alkoxy group such as methoxy ethoxy and propoxy: an aryloxy group such as phenoxy; an aralkyi 
group such as benzyl. 

Specific compounds of the formula V exemplarily include cyclopentadiene, indene, azulene and their alkyi, aryl. 
aralkyi, alkoxy and aryloxy derivatives, as well as two or more of these compounds bonded through alkylene groups 
of usually 2-S.. preferably 2-3 carbon atoms. 

The organosilicone compound having a cyclic hydrocarbon group may be represented by the formula 

(Cp)LSiR'%,L VI 

where Cp is a cyclic hydrocarbon group such as cyclopentadienyl, substituted<;yclopentadienyL indenyl and substi- 
tuted-indenyl, js hydrogen or a C1-C24, preferably 0^-C^2 hydrocarbon group including an alkyi group such as 
methyl, ethyl, propyl, isopropyL butyl, tert-butyl, hexyl and octyl: an alkoxy group such as methoxy ethoxy, propoxy 
and butoxy; an aryl group such as phenyl; an aryloxy group such as phenoxy; and an aralkyi group such as benzyl, 
and L is 1 < L < 4, preferably 1 < L < 3. 

Eligible for use as the component (C) are cyclopolyene or substituted-cyclopolyene of 7-24 carbon atoms such as 
cyclopentadiene, methylcyclopentadiene, ethylcyclopentadiene, propycyclopentadiene, butylcyclopentadiene, tert-bu- 
tylcyclopentadiene, hexylcyclopentadiene, octylcyclopentadiene. 1 ,2-dimethylcyclopentadiene, 1 ,3-dimethylcyclopen- 
tadiene, 1 ,2,4-trlmethylcyclopentadiene. 1 ,2,3,4-tetramethylcyclopentadiene, pentamethylcyclopentadiene, indene. 
4-methyl-1 -indene, 4,7-dimethylindene, 4,5,6, 7-tetrahydroindene, cycloheptatriene, methylcycloheptatriene, cyclooc- 
tatetraene. methylcyclooctatetraene, azulene, methyl azulene, ethyl azulene, fluorene and methylfluorene; monocy- 
clopentadienylsilane, biscyclopentadienylsilane, triscyclopentadienylsilane, tetrakiscyclopentadienylsilane, monocy- 
clopentadienylmonomethylsilane, monocyclopentadienylmonoethylsilane, monocyclopentadienyldimethylsilane, 
monocyclopentadienyldiethylsilane, monocyclopentadlenyltrimethylsilane, monocyclopentadienyltriethylsilane, 
monocyclopentadienylmonomethoxysilane, monocyclopentadienylmonoethoxysilane, monocyclopentadienyl- 
monophenoxysilane, monocyclopentadienylbtscyclopentadienylmonomethylsilane, biscyclopentadienylmonoethyl- 
silane, biscyclopentadienyldimethylsilane, biscyclopentadienyldiethylsilane, biscyclopentadienylmethylethylsilane. 
biscyclopentadienyldipropylsilane, biscyclopentadienylethylpropylsilane, biscyclopentadienytdiphenylsilane, 
biscyclopentadienylphenylmethylsilane, biscyclopentadienylmonomethoxysilane, biscyclopentadienylmonoethoxy- 
silane, triscyclopentadienylmonomethylsilane, triscyclopentadienylmonoethylsilane, triscyclopentadienylmonometh- 
oxysilane, triscyclopentadienylmonoethoxysilane, 3-methylcyclopentadienylsilane, bis-3-methy!cyclopentadienylsi- 
lane, 3-methylcyclopentadienylsilane, 1 ,2-dimethylcyclopentadienylsilane, 1 ,3-dimethylcyclopentadienylsilane. 
1 ,2,4-trimethylcyclopentadienylsiIane, 1 ,2,3,4-tetramethylcyclopentadienylsilane. pentamethylcyclopentadienylsilane. 
monoindenylsilane, bisindenylsilane, trisindenylsilane, tetrakisindenylsilane, monoindenylmonomethylsilane, monoin- 
denylmonoethylsilane, monoindenyldimethylsilane, monoindenyldiethytsilane, monoindenyltrimethylsilane, monoinde- 
nyltriethylsilane, monolndenylmonomethoxysilane, monoindenylmonoethoxysilane, monoindenylmonophenoxysilane, 
bisindenylmonomethylsilane, bistndenylmonoethylsilane. bisindenyldimethylsilane, bisindenyldiethylsilane, bisinde- 
nylmethylelhylsilane, bisindenyldipropylsilane, bisindenylethylpropylsilane, bisindenyldiphenylsilane. bisindenylphe- 
nylmethylsilane, bisindenylmonomethoxysilane, bisindenylmonoethoxysilane, trisindenylmonomethylsilane, trisinde- 
nylmonoethylsilane, trisindenylmonomethoxysilane, trisindenylmonoethoxysilane, 3-methylindenylsilane, bis-3-meth- 
ytindenylsilane, 3-methylindenylmethylsilane, 1 ,2-dimethylindenylsilane: 1 ,3-dimethylindenylsilane, 1 ,2,4-trimethylin- 
denylsilane, 1 ,2,3:4-tetr3msthy!indenyi3iiane, pentameihylindenylsilane, or the like. 

The component (C) further include, as aforesaid, bisindenylethane, bis(4,5,6,7-tetrahydro-1 -indenyl)ethane, 
1 ,3-propanedinylbisindene, 1 ,3-propanedinylbis(4,5,6,7-tetrahydro)indene, propylenebis(1 -indene), isopropyl(1 -inde- 
nyl)cyclopentadiene, diphenylmethylene(9-fluorenyl)cyclopentadiene, isopropylcyclopentadienyl-1 -fluorene, or the 
like. 

The component (D) of the inventive composition includes borane of the first class which is represented by the 
formula 

R^^3B VII 

where R^*^ is an aryl group such as phenyl and tolyl of C6-C2o= preferably Ce-CT2< an aralkyi group such as benzyl, a 
haloaryl group such as fluorophenyl, difluorophenyl, trifluorophenyl and pentafluorophenyl, and a haloaralkyi group 
such as pentafluorobenzyl. Specific examples include triphenylborane, tri(o-tolyl)borane, tri(p-tolyl)borane, tri(m-tolyl) 
borane, tri(o-fluorophenyl)borane, tri(p-fluorophenyl)borane, tri(m-fluorophenyl)borane, tri(3,5-difluorophenyl)borane, 
tri(pentafluorophenyl)borane, preferably tri(o-ffuorophenyl)borane, tri(p-fluorophenyl)borane, tri(m-fluorophenyl)bo- 
rane, tri(3,5-difluorophenyl)borane, tri(pentafluorophenyl)borane and more preferably tri(pentafluorophenyl)borane. 
Borane of the second class includes higher hydrogenated boron complexes or a polyboron compound derived 



EP 07M920A1 J_> 



EP 0 714 920 A1 



from pyrolysis of diborane and having more than four usually four to twelve boron atoms, such as tetraborane and 
decaborane. 

Borane of the third class includes a carborane such as 7,8-dicarbaundecaborane, 2,7-dicarbaundecaborane, un- 
decahydride-7,8-dimethyl-7,8-dicarbaundecaborane, dodecahydride-1 1 ,nnethyl-27-dicarbaundecaborane, 4-carba- 
nonaborane, 1 ,3-dicarbanonaborane, 6,9-dlcarbadecaborane and dodecahydride-1 -methyl-1 ,3-dicarbanonaborane. 

Borate used as the component (D) is an ate-complex containing a boron atom. The first class of such borate is a 
higher hydrogenated boron complex; i.e. a diborane and tetrahydroborate derivative, such as tributylammoniumnon- 
aborate, tributylammoniumdecaborate, tributylammoniumundecaborate, tributylammoniumdodecaborate, dimethyl- 
aniliniumnonaborate, dimethylaniliniumdecaborate. dimethylaniliniumundecaborate, dimethyianiliniumdodecaborate. 
triphenylphosphoniumnonaborale, triphenylphosphoniumdecaborate, triphenylphosphoniumundecaborate, triphenyl- 
phosphoniumdodecaborate, tritylnonaborate, trityldecaborate. tritylundecaborate, trityldodecaborate, ferroceniumnon- 
aborate. ferroceniumdecaborate, ferroceniumundecaborate, ferroceniumdodecaborate, tropyliumnonaborate, tro- 
pyliumdecaborate, tropyllumundecaborate and tropyliumdodecaborate. 

Borate of the second class is represented by the formula 

[L^-H]'"[BR^'^R^^X^X^]' VIII 

where U is a neutral Lewis base. H is a hydrogen atom, [U-H] is Br<j>nsted acid such as ammonium, anilinium and 
phosphonium. The ammonium here designates trialkyl-substituted ammonium such as trimethylammonium, triethyl- 
ammonium, tripropyfammonium, tributylammonium and trj(n-butyl)ammonium; and dialkylammonium such as di(n-pro- 
pyt)ammonium and dicyclohexylammonium. 

The anilinium includes N,N-dialkylanilinium such as N,N-dimethylanilintum, N,N-diethylanilinium and N.N- 
2,4,6-pentamethylanilinium. 

The phosphonium includes triarylphosphonium or trialkylphosphonium such as triphenylphosphonium, tributyl- 
phosphonium, tn(methylphenyl)phosphonium and tri(dimethylphenyl)phosphonium. 

Ri"* and R^^ jp, the formula VIII each are an aromatic hydrocarbon group or substituted-aromatic hydrocarbon 
group or substituted-aromatic hydrocarbon group of C6-C20, preferably Cg-C^g which may be cross-linked to one an- 
other. The substituted aromatic hydrocarbon group is a C1-C4 hydrocarbon group, typically an alkyi group such as 
methyl, ethyl, propyl and isopropyL and a halogen such as fluorine, chlorine, bromine and iodine. 

X2 and X3 in the formula Xllt each are hydrogen, halogen. Ci-Cgo hydrocarbon groups (including an alkyI group 
such as methyl, ethyl, propyl, isopropyl, cyclopropyl. butyl, isobutyl, tert-butyl, cyctobutyl, pentyl, isopentyl, neopentyl, 
cyclopentyl, hexyl, isohexyl, fcyclohexyl, hepty! and octyl; an alkenyl group such as vinyl and allyl; an aryl group such 
as phenyl, tolyl, xylyl. mesityl, indenyl and naphthyl; an aralkyi group such as benzyl, trityl, phenethyL styryi, benzhydryl, 
phenylbutyl, phenylpropyl and neophyl) and halogen-substituted hydrocarbon groups derived from the just mentioned 
hydrocarbon groups (substituted-halogen being fluorine, chlorine, bromine and iodine). 

Borate of the second class includes trialkyl-substituted ammonium salts such as tributylammoniumtetra(p-tolyl) 
borate. tributylammoniumtetra(m-tolyl)borate. tributylammoniumtetra(o-fluorophenyl)borate, tributylammoniumtetra(p- 
fluorophenyl)borate. tributylammoniumtetra(m-fluorophenyl)borate, tributylammoniumtetra(3,5-difluorophenyl)borate, 
dimethylaniliniumtetra(o-tolyl)borate. dimethylaniliniumtetra(p-tolyl)borate. dimethylaniliniumtetra(m-tolyl)borate, 
dimethylaniIiniumtetra(o-fluorophenyl)borate, dimethylaniliniumtetra(p-fluorophenyl)borate, dfmethylaniliniumtetra(m- 
fluorophenyOborate, dimethylaniliniumtetra(3.5-difluorophenyl)borate, dtmethylaniliniumtetra(pentafluorophenyl)bo- 
rate, triphenylphosphoniumtetraphenylborate, triphenylphosphoniumtetra(o-tolyl)borate, triphenylphosphoniumtetra 
(p-tolyl)borate, triphenylphosphoniumtetra(m-tolyl)borate, triphenylphosphoniumtetra(o-fluorophenyl)borate, triphe- 
nylphosphoniumtetra(p-fluorophenyl)borate, triphenylphosphoniumtetra(m-fluorophenyl)borate, triphenylphosphoni- 
umtetra(3,5-difluorophenyl)borate. triphenyfphosphoniumtetra(pentafluorophenyl)borate, triethylammoniumtetra(o- 
fluorophenyl)borate, triethylammoniumtetra(pentafluorophenyl)borate. triethylammoniumtetra(phenyl)borate, tripropy- 
lammoniumtetraphenylborate. tri(n-butyl)amnnoniumtetraphenylborate, lrimethylammoniumtetra(p-tolyl)borate, tri- 
methylammoniumtetra(o-tolyl)borate, tripropylammoniumtetra(o.p-dimethylphenyl)borate. tributylammoniumtetra{p- 
trifluoromethylphenyOborate, tributylammontumtetra(pentafluorophenyl)borate and tri(n-butyl)ammoniumtetra(o-tolyl) 
borate: N.N-dialkylanilinium salts such as N.N-dimethylaniliniumtetra(phenyl)borate. N,N-diethylaniliniumtetra(phenyl) 
borate and N.N-2,4.6-pentamethylaniliniumtetra(phenyl)borate; and dialkylammonium salts such as di(1 -propyl)am- 
moniumtetra(pentafluorophenyl)borate and dicyclohexylammoniumtetraphenylborate: preferably tribulylammoni- 
umtetra(o-fluorophenyl)borate, tributylammoniumtetra(p"fluorophenyl)borate, tributylammoniumtetra(m--fluorophe- 
nyl)borate, tributylammoniumtetra(3.5-difluorophenyl)borate, tributylammoniumtetra(pentafluorophenyl)borate, 
dimethylaniliniumletra(o-fluorophenyl)borate, dimethylaniliniumtetra(p-fluorophenyl)borate, dimelhylaniliniumletra(m- 
fluorophenyOborate, dimethylaniliniumtelra(3,5-difluorophenyl)borate, dimethylaniliniumtetra(pentafluorophenyl)bo- 
rate and more preferably tributylammoniumtetra(pentafluorophenyl)borate and dimethylaniliniumtetra(pentafluoroph- 
enyl)borate. 
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Borate of the third class is represented by the formula 

[L^-H][CX%(BX^)fX%l'" IX 

where [L^-H] is hydrogen ion, ammonium cation, substituted-ammonium cation and phosphonium or phosphonium- 
5 substituted group. The substituting group for ammonium cation and phosphonium group is a Ci-Cgo, preferably C^-Cg 
hydrocarbon group (including an alkyi group such as methyl, ethyl, propyl, isopropyl, cyclopropyL butyl, isobutyl. tert- 
butyl, cyclobutyl, pentyL isopentyl, neopentyl. cyclopentyl, hexyl, isohexyl, cyclohexyl, heptyl and octyl; an alkenyl 
group such as vinyl and allyl; an aryl group such as phenyl, tolyl, xylyl, mesityl, tndenyl and naphthyl; and an aralkyi 
group such as benzyl, trityl. phenethyl, styryl, benzhydryL phenylbutyl, phenylpropyl and neophyl) or a halogen-sub- 
^0 stituted hydrocarbon group derived from the just mentioned hydrocarbon groups, halogen-substituting group being 
substituted by less than three hydrogen atoms in ammonium cation or phosphonium. The substituted-ammonium cation 
includes each trialkyl-substituted ammonium cation such as trimethylammonium. triethylammonium, tripropylammoni- 
um. tributylammonium and tri(n-butyl)ammonium; and dilkylammonium, cation such as di(n-propyl)ammonium and 
dicyclohexylammonium. 

'5 The substituted-phosphonium group includes triarylphosphonium and triaikylphosphonium such as triphenylphos- 

phonium, tributylphosphonium, tri(methylphenyl)phosphonium and tri(dimethylphenyl)phsphonium. 

X'*, X5 and X^ in the formula IX each are hydrogen atom, halogen atom and C^-CgQ, preferably OyC^2 hydrocarbon 
group (including an alkyI group such as methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, isobutyl, tert -butyl, cyclobutyl, 
pentyl, isopentyl neopentyl, cyclopentyl, hexyl, isohexyl. cyclohexyl, heptyl and octyl; an atkenyl group such as vinyl 

20 and allyl; an aryl group such as phenyl, totyl, xylyl. mesityl, indenyl and naphthyl; and an aralkyi group such as benzyl, 
trityl. phenethyl, styryl. benzhydryL phenylbutyl, phenylpropyl and neophyl), a halogen-substituted hydrocarbon group 
derived from the just mentioned hydrocarbon groups, or an organo-metalloid of Groups IV-A in the Periodic Table 
having in its organo portion a C^-Cgo preferably 0^-0^2 hydrocarbon substituting group. The symbols e and g each 
are an integer greater than 0: h is an integer greater than 1 ; e+g+h is an even-number integer usually of from 2 to 8; 

25 and f is an integer usually of from 5 to 22. 

Specific examples of the third class borate include monohydrocarby I -sub stituted ammonium salts such as tributy- 
lammonium-lcarbaundecaborate, tributylammonium-lcarbadecaborate. tributylammonium-6carbaundecaborate, 
tributylammonium7carbaundecaborate, tributylammonium-7.8dicarbaundecaborate, tributylammonlum-2.9-dicar- 
baundecaborate, methylammonium-1-carbadodecaborate, ethylammonium-1 -carbadodecaborate, propylammonium- 

30 1 -carbadodecaborate, isorpopylammonium-1 -carbadodecaborate, (n-butyl)ammonium-l -carbadodecaborate, anilin- 
ium-1 -carbadodecaborate and (p-tolyi)ammonium-l -carbadodecaborate; dihydrocarbyl-substituted ammonium salts 
such as dimethylanilinium-1-carbaundecaborate, dimethylanilinium-1 -carbadodecaborate, dimethylanilinium-1 -carba- 
decaborate, dimethylanilinium-6-carbaundecaborate. dimethylanilinium-7-carbaundecaborate, dimethylanilinium- 
7,8-dicarbaundecaborate, dimethylanilinium-2,9-dicarbaundecaborate, dimethylammonium-1 -carbaundecaborate, di- 

55 ethylammonium-1 -carbaundecaborate, dipropylammonium-1 -carbadodecaborate^ diisopropylammonium-1 -carbado- 
decaborate, di(n-butyl)ammonium-1 -carbadodecaborate, diphenylammonium-1 -carbadodecaborate and di(p-tolyl) 
ammonium- 1 -carbadodecaborate; and trihydrocarbyl-substituted ammonium salts such as trimethylammonium-1 -car- 
badodecaborate. triethylammonium- 1 -carbadodecaborate. tripropylammonium-1 -carbadodecaborate, tri(n-butyl)am- 
monium-1 -carbadodecaborate. trrphenylammonium-1 -carbadodecaborate. tri(p-tolyl)ammonium-1 -carbadodecabo- 

•^0 rate, N,N-dimethylanilinium-1 -carbadodecaborate and N,N-diethylanilinium-1 -carbadodecaborate. 
Borate of the fourth class is represented by the formula 

[l2-H]{{[ (Cx4)j^(Bx5) j(x6)j^]l-}2M^+}m- X 

wherein [L^-H], X"*. X^ and X^ each are the same as defined in formula IX; M is Cr, Mn, Fe. Co, Ni and like transition 
metal; i and k each are the same or different integer greater than 0: 1 is an integer greater than 2: i+k+l is an even- 
number integer usually of from 4 to 8; j is an integer of from 6 to 1 2: n is an integer corresponding to 21 -n=m; and m 
is an integer greater than 1 . 

Borate of the fourth class includes 

50 

tributylammoniumbis(nonahydride-1,3-dicarbaunaborate)cobaltate (Ml). 
tributylammoniumbis(undecahydride-7.8-dicarbaunaborate)ferrate (III). 
tributylammoniumbis(undecahydride-7.8-dicarbaundecaborate)cobaltate (III). 
tributylammoniumbis(undecahydride-7,8-d(carbaunaborate)nickelate (III), 
55 tributylammoniumbis(dodecahydridedicarbadodecaborate)cobaltate (III), 

tributylammoniumbis(undecahydride-7-carbaundecaborate)chromate (III). 
tributylammoniumbis(undecahydride-7-carbaundecaborate)magnate (IV), 
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tributylammoniumbis(undecahydride-7-carbaundecaborate)coba!tate (til), 
tributylannmoniumbis(undecahydride-7-carbaundecaborate)nickelate (IV), 
dimethylantliniumbis(nonahydride- 1 ,3-dicarbaunaborate)cobaltate (III), 
dimethylaniliniumbis(undecahydride-7,8-dicarbaundecaborate)ferrate (HI), 
dimethylaniliniumbis(undecahydride-7,8-dicarbaundecaborate)cobaltate (III), 
dimethylaniliniumbis(undecahydride-7,8-dicarbaundecaborate) nickefate (III), 
dimethylanilin(unnbis(dodecahydridedicarbadodecaborate)cobaltate (III), 
dimethylaniliniumbis(undecahydrtde-7-carbaundecaborate)chromate (III), 
dimethylaniliniumbis(undecahydride-7-carbaundecaborate)manganate (IV), 
dimethyIaniliniumbis(undecahydride-7-carbaundecaborate)cobaltate (III), 
dimethylaniliniumbis(undecahydride-7-carbaundecaborate)nickelate (IV), 
triphenylphosphoniumbis(nonahydride-1 ,3-dicarbaunaborate)cobattate (III). 
triphenylphosphoniumbis(undecahydride-7,8-dicarbaundecaborate)ferrate (III). 
triphenylphosphoniumbis(undecahydride-7,8-dicarbaundecaborate)coba!tate (III), 
triphenylphosphoniumbis(undecahydride-7,8-dicarbaundecaborate)nickelate (til), 
triplnenylpliosphoniumbis(dodecalnydrldedicarbadodecaborate)cobaltate (III), 
triphenylphosplnoniumbis(undecaliydride-7-carbaundecaborate)chromate (til), 
triphenylphosplnoniumbis(undecahydride-7-carbaundecaborate)manganate (tV), 
triphenylphosphoniumbis(undecahydride-7-carbaundecaborate)cobaltate (III), 
triphenylpliosphoniumbis(undecahydride-7-carbaundecaborate)nickelate (IV) or the like. 



Borate of the fifth class is represented by the formula 

[L^]^[BR'^r'^X^X^]' XI 

where is a carbocation; and R^^, R^^, X^ and X^ each are the same as defined in formula Vtll. The carbocation 
includes alkyi cation such as methyl cation, ethyl cation, propyl cation, isopropyl cation, butyl cation, isobutyl cation, 
tert-butyl cation, pentyl cation and neopentyl cation; cyctoalkyi cation such as tropylium cation; benzyl cation, trityl 
cation or the like. 

The fifth class borate exemplarity and specifically includes trityltetraphenylborate, trityltetra(o-tolyt)borate, trityl- 
tritetra(p-tolyl)borate, trityltritetra(m-tolyl)borate, trltyltritetra(o-fluorophenyl)borate, trityltritetra(p-fluorophenyl)borate, 
trityltrltetra(m-fluorophenyl)borate, trityltritetra(3,5-difluorophenyl)borate, trityltrrtetra(pentafluorophenyl)borate, tro- 
pyliumtetraphenylborate, tropy!iumtetra(o-totyl)borate, tropyliumtetra((p-tolyl)borate, tropyliumtetra(m-tolyl)borate, tro- 
pyliumtetra(o-fluorophenyl)borate, tropyltumtetra(p-fluorophenyl)borate, tropyliumtetra(m-fluorophenyl)borate, tro- 
pyliumtetra(3,5-difluorophenyl)borate: tropyliumtetra(pentafIuorophenyl)borate, preferably trityltetra(o-fluorophenyl) 
borate, trityttetra(p-fluorophenyl)borate: trityltetra(m-fIuorophenyl)borate, trityltetra(3,5-difluorophenyl)borate. trityltet- 
ra(pentafluorophenyl)borate, tropyliumtetra(o-fluorophenyl)borate, tropyliumtetra(p-fluorophenyl)borate, tropyliumtet- 
ra(m-fluorophenyl)borate, tropyliumtetra(3,5-diftuorophenyl)borate, tropyliumtetra(pentafluorophenyl)borate and more 
preferably trityltetra(pentafluorophenyl)borate and tropyliumtetra(pentaftuorophenyl)borate. 

Borate of the sixth class is represented by the formula 

[R^^.'^ri^f^^^'^^^^^^^]' 

where R^^ is a cyclopentadienyl group, substituted-cyctopentadienyl group, indenyl group and substituted indenyl 
group: M is Cr, IVIu, Fe, Co, Ni and like transition metal; R^"^, R''^, X^ and X^ each are the same as defined in formula 
Vltl. The substituting group for cyclopentadienyl or indenyl group is a halogen atom and a C-,-C20: preferably C'^-C'^2 
hydrocarbon group. 

Specific examples of the sixth class borate include ferroceniumtetraphenylborate, ferroceniumtetra(o-tolyl)borate= 
ferroceniumtetra(p-tolyl)borate, ferroceniumtetra(m-tolyi)borate, ferroceniumtetra(o-fluorophenyl)borate, ferroceni- 
umtetra(p-fluorophenyl)borate, ferrocentumtetra(m-fluorophenyl)borate, ferroceniumtetra(3,5-difluorophenyl)borate= 
ferroceniumtetra(pentafluorophenyl)borate, preferably ferroceniumtetra(o-fluorophenyt)borate, ferroceniumtetra(p- 
fluorophenyl)borate, ferroceniumtetra(m-fluorophenyl)borate, ferroceniumtetra(3,5-difluorophenyl)borate, ferroceni- 
umtetra(pentafluorophenyl)borate, and more preferably ferroceniumtetra(pentaftuorophenyl)borate. 

Borate of the seventh class is represented by the formula 

(L^]'[(CX^^(BX^^X%l'- XIII 

where is the same as defined in formula XI: X"^, X^, X^, e, f, g and h each are the same as defined in formula IX. 
The seventh class borate exemplarity includes trityl-1 -carbaundecaborate, trityl- 1 -carbadodecaborate, trityM -carba- 
decaborate. trityl-6-carbaundecaborate, trityl-7-carbaundecaborate, trityl-7,8-dicarbaundecaborate, trityI-2,9-dicar- 
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baundecaborate, tropylium-1 -carbaundecaborate, tropylium-1 -carbadodecaborate, tropylium-1 -carbadecaborate, tro- 
pylium-6-carbaundecaborate, tropylium-7 -carbaundecaborate, tropylium-7,8-dicarbaundecaborate: tropylium-2,9-di- 
carbaundecaborate or the like. 

Borate of the eighth class is represented by the formula 

[R'%M]"[{CX^^(Bx')^X%i'- XIV 

where R^^ and M each are the same as defined in formula XII; X"*, X^, X^^ e, f, g and h each are the same as defined 
in formula IX. The borate includes ferrocenium-1 -carbaundecaborate, ferrocenium-1 -carbadodecaborate, ferrocenium- 
1 -carbadecaborate. ferrocenium-6-carbaundecaborate, ferrocenium-7 -carbaundecaborate, ferrocenium-7,8-dicar- 
'0 baundecaborate. ferrocenium-2.9-dicarbaundecaborate or the like. 
Borate of the ninth class is represented by the formula 

[l3]+^([ (Cx4)i(Bx5) j(x6)k]l-}2Mn+}in- , . , XV 

^5 wherein is the same as defined in formula IX; and X"*, X^, X^, m, j, k, I, n and m each are the same as defined in 
formula X. Borate of the ninth class includes 



tritylbis(nonahydrlde-1 ,3-dicarbaunaborate)cobaltate (III), 

tritylbis(undecahydride-7,8-dicarbaundecaborate)ferrate (III), 
20 tritylbis(undecahydride-7,8-dicarbaundecaborate)cobaltate (III), 

tritylbis(undecahydride-7:8-dicarbaundecaborate)nickelate (III), 

tritylbis(decahydridedicarbadodecaborate)cobaltate (III), 

tritylbis(undecahydride-7-carbaundecaborate)chromate (III), 

tritylbis(undecahydride-7-carbaundecaborate)manganate (IV), 
25 tritylbis(undecahydnde-7-carbaundecaborate)cobaltate (III), 

tritylbis(undecahydride-7-carbaundecaborate)nickelate (IV), 

tropyliumbis(nonahydride-1 ,3-dicarbaunaborate)cobaltate (III), 

tropyliumbis(undecahydride-7,8-dicarbaundecaborate)ferrate (III), 

tropyliumbis(undecahydride-7,8-dicarbaundecaborate)cobaltate (III), 
^0 tropyliumbis(undecahydride-7,8-dicarbaundecaborate)nickelate (III), 

tropyliumbis(dedecahydridedicarbadodecaborate)cobaltate (III), 

tropyliumbis(undecahydrtde-7-carbaundecaborate)chromate (III). 

tropyliumbis(undecahydride-7-carbaundecaborate)manganate (IV). 

tropyliumbis(undecahydride-7-carbaundecaborate)cobaltate (III), 
■35 ' tropyliumbis(undecahydride-7-carbaundecaborate)nicketate (IV) and the like. 

Borate of the tenth class is represented by the formula 

^„ [R^^2M3-^{{[ (Cx4)i(BX5) j(x6)k]l-}2Mn+}m- ... XVI 

wherein R"*® and M each are the same as defined in formula XII; and X'*. X^, X^, M, i, j, k, I, n and m each are the same 
as defined in formula X. This class of borate includes 



f erroceniumbis(nonahydride- 1 , 3-dicarbaunaborate)cobaltate (111), 
ferroceniumbis(undecahydride-7,8-dicarbaundecaborate)ferrate (III), 
ferroceniumbis(undecahydride-7,8-dicarbaundecaborate)cobaltate (III), 
ferroceniumbis(undecahydride-7,8-dicarbaundecaborate)nickelate (III), 
ferroceniumbis(decahydridedicarbadodecaborate)cobaltate (111), 
ferroceniumbis(undecahydride-7-carbaundecaborate)chromate (III), 
50 ferroceniumbis(undecahydride-7-carbaundecaborate)manganate (IV), 

ferroceniumbis(undecahydride-7-carbaundecaborate)cobaltate (111), 
ferroceniumbis(undecahydride-7-carbaundecaborate)nickelate (IV) or the like. 

The modified organoaluminum compound (E) for addition to the catalyst composition components (A)-(D) accord- 
55 ing to the invention results from the reaction of an organoaluminum compound with water, and it has in its molecule 
an AI-O-AI bond within the number of 1 to 100, preferably 1 to 50. The reaction is effected usually in the presence of 
an inert hydrocarbon, typically an aliphatic hydrocarbon such as pentane, hexane, heptane or the like, an alicyclic 
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hydrocarbon such as cyclohexane or the like: or an aromatic hydrocarbon such as benzene, toluene, xylene or the 
like. Particularly preferred are the aliphatic and aromatic hydrocarbons. 
Suitable organoaluminum compounds are those of the formula 

r'\a\x\_^ XVII 

where R^-^ is a hydrocarbon chain such as an alky I. alkenyl. aryl and arakyi group of a carbon number of 1 to 18, 
preferably 1 to 12, is a halogen or hydrogen atom, and y is an integer of 1 < y < 3. 

Trialkylaluminums are preferred in which the alkyi group is a methyl, ethyl, propoyi, isopropyL butyl, isobutyl. pentyl. 
hexyl, octyl, decyl or dodecyl group among which the methyl group is most preferred. 

The mol ratio of water to organoaluminum compound is in the range of 0.25:1 to 1.2:1. preferably 0.5:1 to 1:1. 
Reaction conditions may be at from -70 to 100°C, preferably -20 to 20*C, and for 5 minutes to 24 hours, preferably 10 
minutes to 5 hours. There may be used a water of crystallization contained in a hydrate such as copper sulfate hydrate, 
aluminum sulfate hydrate or the like. Alternatively a supply of water may be sought from such components which can 
produce water in the reaction system. It has been found that methylaluminoxane, a reaction product of an alkylaluminum 
and water, is particularly suitable for use as the component (E). 

The catalyst composition comprising components (A)-(D) and additionally component (E) may be. if necessary, 
supported on an inorganic carrier such as of a magnesium compound, alumina, silica, silica-alumina and the tike, 
and/or a particulate polymer carrier. 

The inventive catalyst compositions are prepared by mutual contact of the various components (A)-(D) and (E) in 
the following sequences which are indicated for the sake of brevity by the arrows. 

1. (A)^(B)^(C)^(D) 

2. (A) ^ (B) <- (D) 4- (C) 

3. (A) 4~ (C) 4- (B) 4- (D) 

4. (A) ^ (C) <~ {D) ^ (B) 

5. (A) ^ (D) ^ (B) ^ (C) 

6. (A) ^ (D) ^ (C) ^ (B) 

7. (B) 4- (A) ^ (C) ^ (D) 

8. (B) ^ (A) <- (D) ^ (C) 

9. (B) ^ (C) ^ (A) ^ (D) 



10. 


(B)^ 


(C)^ 


(D) 


^(A) 


11. 


(B)^ 


(D)^ 


(A) 


^(C) 


12. 


(B)*- 


(D)^ 


(C) 


^(A) 


13. 


(C)^ 


(A)^ 


(B) 


*-(D) 


14. 


(C)^ 


(A)^ 


(D) 


^(B) 


15. 


(C)^ 


(B)^ 


(A) 


^(D) 


16. 


(C)^ 


(B)^ 


(D) 


^(A) 


17 


(C)«- 


(D)<- 


(A) 


«-(B) 


18. 


(C)^ 


(D)^ 


(B) 


^(A) 


19. 


(D)^ 


(A)^ 


(B) 


^(C) 


20. 


(D) *- 


(A) 4- 


(C) 


<- (8) 


21. 


(D)^ 


(B)^ 


(A) 


<-(C) 


22. 


(D)^ 


(B)^ 


(C) 


<-(A) 


23. 


(D)f- 


(C)^ 


(A) 


^(B) 


24. 


(D)*- 


(C)<- 


(B) 


<-{A) 


25 


(D)^ 


(B)^ 


(A) 


^ (B) ^ (C) 


26. 


(B)^ 


(D)^ 


(A) 


^ (B) ^ (C) 


27. 


(D)^ 


(A), (B 


) and (C), the order of addition of the last three being optional. 


28. 


(D)^ 


(B)«- 


(A) 


, (B) and (C), the order of addition of the last three being optional. 


29. 




(B)^ 


(A) 


and (C), the order of addition of the last two being optional. 


30. 


(B)^ 


(D)^ 


(A) 


. (B) and (C), the order of addition of the last three being optional. 


31. 




(D)^ 


(A) 


. (B) and (C), the order of addition of the last three being optional. 


32. 


(D)^ 


(E)^ 


(A) 


(8) and (C), the order of addition of the last three being optional. 


33. 




(D)^ 


(B) 


<— (A), (B) and (C), the order of addition of the last three being optional 


34. 


(E)^ 


(B) (-( 


D) 


<- (A), (B) and (C), the order of addition of the last three being optional 


35. 


(D)«- 


(B)^ 


(E) 


<- (A), (B) and (C), the order of addition of the last three being optional 


36. 




(E)«- 


(B) 


<— (A), (8) and (C), the order of addition of the last three being optional 
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37. (B) (E) <r~ (D) ^ (A), (B) and (C), the order of addition of the last three being optional. 

38. (B) <- (D) ^ (E) <- (A), (B) and (C). the order of addition of the last three being optional. 

It has been found that the sequences 10, 11, 18 and 22-38 are preferable. 
5 The contacting operation may be carried out without the use of any solvent, but preferably in the presence of some 

inert hydrocarbon solvent such as benzene, hexane, toluene and xylene at a temperature of -1 00°C to 200*C, preferably 
-50* to 100**C, for about 10 minutes to 50 hours, preferably 30 minutes to 24 hours. 

The amount of addition of each of components (B) and (C) is in the range of 0.01-1,000 mols, preferably 0.1-100 
mols, more preferably 0.5-50 mols, per mol of component (A). 
10 The amount of component (O) is represented by the atomic ratio of boron in component (D) to transition metal in 

component (A) which is 0.1 to 1,000, preferably 0.2-100. 

The amount of component (E) is represented by the atomic ratio of aluminum in (E) to transition metal in component 
(A) which is in the range of 0. 1 to 1 ,000. preferably 1 - 1 00, more preferably 1 -80. The amount of (E) relative to component 
(D) is not particularly restricted, but may be 0.1-1 ,000, preferably 0.1-100, in terms of aluminum/boron ratio. 
15 The amount of the inventive catalyst is preferably 0.0001 g-1 g based on transition metal in component (A) against 

1 gram of a carrier, If the latter Is used. 

The inert hydrocarbon solvents used in the preparation of the catalyst compositions may be removed by precipi- 
tation, drying or other suitable means, but may be carried over from any given sequence of contact of the Inventive 
components, or left intact even when the catalyst is put to use. 
?o Preferred combinations of components (A)-(D) are exemplified in the following, to which additional component (E) 

may be added. 



Combination 1 



25 



30 



Component (A) 
Component (B) 
Component (C) 

Component (D): 

Combination 2 



tetraalcoxyzlrconium such as tetrapropoxyzirconium and tetrabutoxyzirconium 
alkylalumlnum hydride such as diethylaluminum hydride and diisobutylaluminum hydride 
indene and indene derivative such as methyl indene, and cyclopentadlene and its derivative such 
as methylcyclopentadiene and dimethylcyclopentadiene 
triaryl boron compound such as trl(pentafluorophenyl) borane. 



35 



40 



Component (A): 
Component (B): 
Component (C): 
Component (D): 



Combination 3 



the same as in combination 1 
the same as in combination 1 
the same as in combination 1 

boron-contalning ate-complex such as tributylammonium tetra(pentafluorophenyl) borate, N,N- 
dimethylanilium tetra(pentafluorophenyl) borate, N.N-diethylanilium tetra(pentafluorophenyl) bo- 
rate, trithyl tetra(pentafluorophenyl) borate, tropyllum tetra (pentafluorophenyl) borate and ferro- 
cenlum tetra(pentafluorophenyl) borate. 



45 



Component (A) 
Component (B): 
Component (C) 

Component (D): 



the same as in combination 1 
the same as in combination 1 

bisindenylethane, cyclopentadienylfluorenyl isopropane, fluorene compound or compound of the 
formula (CP)lSIR''^ such as dimethylsilylbiscyclopentadiene. 
triarylboron compound such as tri(pentafluorophenyl) borane. 



50 



55 



Combination 4 

Component (A) 
Component (B) 
Component (C) 
Component (D) 



the same as in combination 1 
the same as in combination 1 
the same as in combination 3 
the same as In combination 2 



In the practice of the invention, the components (A)-(D) or (A)-(E) may be formulated into a catalyst ready for use 
in the polymerization of olefins. Alternatively. {A)-(C) may be initially contacted together, followed by the addition of 
component (D) into the reaction system. Further alternatively, components (A)-(D) may be first contacted together and 
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then with component (E) in the reaction system thereby enhancing the catalytic activity. Still alternatively, component 
(D) or component (E) may be supplemented during the polymerization reaction to ensure full catalytic performance. 

The amount of component (E) when added to the polymerization system should be adjusted such that the alumi- 
num/transition metal atomic ratio remain in the range of 0.1-1.000, preferably 1-100. 

Starting olefins useful for the purpose of the invention are a-olefins, cyclic olefins, dienes. trienes and styrene 
homologs. 

Eligible a-olefins are those having a carbon number of 2 to 12, preferably 2 to 8, and chosen from ethylene, 
propylene, butene-1 hexene-1 , 4-methylpentene-1 and the like. They may be homopolymerized or copolymerized as 
by alternating, random or block copolymerization processes. Exemplified as a-olefin copolymers are those of ethylene 
with an a-olefin comonomer of a carbon number of 3 to 12, preferably 3 to 8, such as ethylene-propylene, ethylene- 
butene-1 , ethylene-hexene-1 or ethylene-4-methylpentene-1 , or of propylene with an a-olefin comonomer of a carbon 
number of 3 to 12, preferably 3 to 8, such as propylene-butene-1 . propylene-4-methypentene-1 . propylene-4-methyl- 
butene-1 , propytene-hexene-1 or propylene-octene-1 . In either copolymer, the content of the comonomer may be var- 
iable within the range of less than 90% by mol of total monomer. Generally, ethylene-based copolymers have a comon- 
omer content of not more than 40%, preferably smaller than 30%, more preferably below 20%, whereas propylene- 
based copolymers have a similar content in the range of 1 to 90%, preferably 5 to 90%. more preferably 10 to 70%, 
each such percentage being by mol based on total monomer. 

Suitable cyclic olefins include those having a carbon number of 3 to 24, preferably 3 to 18, such as cyclopentene. 
cyclobutene, cyclohexene, 3-methylcyclohexene, cyclooctene, cyclodecene, tetracyclodecene, octacyclodecene, nor- 
bornene, 5-methyl-2-norbornene. 5-ethyl-2-norbornene, 5=5,6-trimethyl-2-norbornene and the like. They may be co- 
polymerized usually with a given a-olefin in which instance the content of the cyclic olefin in the resulting copolymer 
is in the range of 1 to 50% by mol, preferably 2 to 50% by mol. 

Suitable dienes and trienes are polyenes of a carbon number of 4 to 26, preferably 6 to 26. Examples include 
butadiene, 1 ,3-pentadiene, 1 =4-pentadiene, 1 ,4-hexadiene, 1 ,5-hexadiene, 1 ,3-cyclohexadiene, 1 ,4-cyclohexadiene, 
1 ,9-decadiene, 1 ,3-tetradecadiene, 2,6-dimethyl-1 ,5-heptadiene, 2-methyl-2,7-octadiene, 2,7-dimethyl-2,6-octadiene, 
2.3-diemthylbutadiene, ethylidene norbornene, dicyclopentadiene, isoprene, 1 ,3,7-octatriene. 1 ,5,9-decatrlene and the 
like. Chain dienes or trienes copolymerizable with a given a-olefin are usually contained in the copolymer in an amount 
of 0.1 to 50% by mol preferably 0.2 to 10% by mol. 

Eligible styrene homologs are styrene and styrene derivatives such as t-butylstyrene, a-methylstyrene, p-methyl- 
styrene, divinylbenzene, 1 ,1 -diphenylethylene, N,N-dimethyl-p-aminoethylstyrene, N,N-diethyl-p-aminostyrene and 
the like. 

The catalyst of the invention may be suitably used to reform olefin homopolymers or copolymers by further polym- 
erization with a polar monomer such as an unsaturated carboxylate including methyl acrylate, methyl methacrylate, 
butyl methacrylate, dimethyl maleate, diethyl maleate, monomethyl maleate, diethyl fumarate, dimethyl itaconate and 
the like. The content of the polar monomer in the reformed polymer is usually in the range of 0.1 to 10% by mo), 
preferably 0.2 to 2% by mol. 

The inventive catalyst may be applied to slurry, solution and vapor polymerization processes. Slurry and vapor 
phase modes of reaction may be conveniently chosen which are conducted in a substantially oxygen-free, moisture- 
free state and in the presence of or in the absence of an inert solvent. Suitable solvents may be aliphatic hydrocarbons 
such as hexane, heptane and the like, aromatic hydrocarbons such as benzene, toluene, xylene and the like and 
alicyclic hydrocarbons such as cyclohexane, methylcyclohexane and the like. Reaction temperatures rnay be at from 
20 to 200°C, preferably 50 to 100^*0, reaction pressures at from atmospheric to 70 kg/cm^G, preferably atmospheric 
to 20 kg/cm^G and reaction timelengths at from 5 minutes to 10 hours, preferably 5 minutes to 5 hours. 

The molecular weight of a polymer to be formed can be effectively controlled by feeding a predetermined amount 
of hydrogen into the reaction system, although this control may be also effected by adjusting the reaction temperature, 
molar ratio of the catalyst and other parameters. 

There may be used some scavengers for-removing moisture from the reaction system. Such scavengers include 
a trialkylaluminum such as trimethylaluminum, triethylaluminum, tripropylaluminum, triisopropylaluminum and tri- 
isobutylaluminum, the aforesaid modified organoaluminum, a modified organo-aluminum having a branched alkyi 
group, an organo-lithium such as butyl lithium, and an organo-magnesium such as diethyl magnesium, butyl magnesium 
and butyl magnesium chloride. 

The inventive catalyst may be suitably used for a multi-stage mode of polymerization involving different hydrogen 
concentrations, monomer concentrations, polymerization pressures and temperatures and other reaction parameters. 

It is also possible to prepare beforehand a pre-catalyst containing a small amount of a polymer (produced according 
to the invention) and use such pre-catalyst for full-scale polymerization of olefins. 

The invention will be further described by way of the following examples. 
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Preparation of Modified Qrqano-Aluminum Compound 

13 grams of cupric sulfate pentahydrate were taken into a 300 ml three-necked flask equipped with an electro- 
magnetic stirrer and suspended in 50 ml of toluene. 1 50 ml of trimethylaluminum (1 mmol/ml concentration) were added 
5 in droplets to the resulting suspension at 0°C over 2 hours. Reaction was continued at 25°C for 24 hours. The reaction 
product was filtrated with toluene removed, thereby obtaining 4 grams of a white crytalline methylalminoxane (MAO). 

Evaluation of Polymer Properties 

10 Melt Index fMI) measured in accordance with ASTM D 1238-57T. 

Density measured in accordance with ASTM D 1505-68. 

Melting Point measured by a differential scanning calorimeter (DSC) where a 5 mg sample was held at 180°C for 
3 minutes, cooled to 0**C at 10°C per minute, held at 0°C for 10 minutes and finally warmed at 10°C per minute. 

Molecular Weight Distribution (Mw/Mn) measured by a gel permeation chromatography at 1 35°C using an orthod- 
'5 ichlorobenzene solvent. 

Inventive Example 1 

Preparation of Transition Metal Catalyst Component 



20 



25 



A 300 ml three-necked, stirrer equipped flask was fed with 150 ml toluene, 3.3 grams zirconium tetrachloride and 
2.3 grams indene and stirred at room temperature for 30 minutes. The reaction mixture was added with droplets of 2.3 
grams catechole borane at O^C and thereafter stirred at room temperature for 24 hours. The resulting catalyst com- 
ponent in solution had a concentration in terms of Zr of 0.062 mmol/ml. 

Contact between Transition Metal Catalyst Component and Promotor 



3 ml of the above solution were added with 3.7 ml toluene solution of methylaluminoxane (1 mmol/ml Al concen- 
tration) and stirred at room temperature for 30 minutes, followed by addition of 0.2 mmol triethylammonium tetra(pen- 
30 tafluorophenyl) borate. The whole was stirred at room temperature for 3 hours. 

Polymerization 

A 3 liter stainless steel autoclave equipped with stirrer was purged with nitrogen, followed by addition of 1 liter 
35 refined toluene and 2 mg (Zr) of the above catalyst. The admixture was heated to 60°C and charged with a mixed gas 
(butene-1/ethylene mol ratio 0.25) to a pressure level of 9 kgf/cm^G thereby initiating the polymerization. The reaction 
was continued for 2 hours with a continuous charge of a mixed gas (butene-1 /ethylene mol ratio 0.05) with a total 
pressure maintained at 9 kgf/cm^G. Upon completion of the polymerization reaction, excess gas was expelled and the 
reaction product when cooled was taken out to provide 20 grams of a white polymer. Analysis indicated a catalytic 
■^0 activity of lOkg/gZr a polymer density of 0.9230 g/cm^, a melting point of 11 7. 5°C and a melt index (Ml) of 1.1 g/IOmin. 

Inventive Example 2 

Preparation of Transition Metal Catalyst Component 

45 

The procedure of Inventive Example 1 was followed except that 3.3 grams tetrapropoxy zirconium, 4.6 grams 
indene and 3.2 grams diisobutylaluminum hydride were used. The resulting catalyst component in solution had a con- 
centration by Zr of 0.062 mmol/ml. 

50 ■ Contact between Transition Metal Catalyst Component and Promotor 

The procedure of Inventive Example 1 was followed except that 0.4 mmol dimelhylaluminum tetra(pentafluoroph- 
enyl) borate was used. 

55 Polymerization 

The procedure of Inventive Example 1 was followed except that the catalyst was added in an amount by Zr of 1.5 
mg. The reaction product was a 123 grams white polymer, analytically Indicating a catalytic activity of 83 kg/g Zr, a 
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polymer density of 0.91 70 g/cm^, a melting point of 1 1 8.2**C, a Ml of 1 .2 g/1 0 min and a Mw/Mn of 6.7. 
Inventive Example 3 

Preparation of Transition Metal Catalyst Component 

The procedure of Inventive Example 1 was followed except that 3.8 grams tetrabenzyl zirconium, 2.6 grams cy- 
clopentadiene and 1 .3 grams lithium aluminum triethoxyhydride were used. The resulting catalyst component in solution 
had a concentration by Zr of 0.06 mmol/ml. 

Contact between Transition Metal Catalyst Component and Promotor 

The procedure of Inventive Example 1 was followed except that 3.6 mmol toluene solution (1 mmol/ml Al concen- 
tration) of methylaluminoxane was used. 

Potymerization 



The procedure of Inventive Example 1 was followed except that the catalyst was added in an amount by Zr of 2 
mg followed by addition of 0.05 mmol ferrocenium tetra(pentafluorophenyl) borate. There was obtained a 50 grams 
20 white polymer, analytically indicating a catalytic activity of 25 kg/g Zr a polymer density of 0.9150 g/cm^, a melting 
point of 114.2°C, a Ml of 1.3 g/10 min and a Mw/Mn of 6.2. 

Inventive Example 4 

25 Preparation of the Catalyst 

The procedure of Inventive Example 1 was followed except that 3.1 grams dibutoxydichloro zirconium, 9.2 grams 
indene and 9.1 grams lithium aluminum halide were used and that a slurry sample of 5 ml (zirconium 0.2 mmol atom) 
was added with 4 ml toluene solution of methylaluminoxane (1 mmol/ml Al concentration) and stirred at room temper- 
30 ature for 30 minutes, followed by addition of 0.2 mmol anilinium 1-carbadodeca borate with stirring for 3 hours. 

Polymerization 

The procedure of Inventive Example 1 was followed except that the catalyst was added in an amount by Zr of 0.5 
35 mg. The reaction product was a 15 grams polymer analytically indicating a catalytic activity of 30 kg/g Zr a polymer 
density of 0.9250 g/cm^ a melting point of 119.7''C, a Ml of 7.1 g/10 min and a Mw/Mn of 6.7. 

Inventive Example 5 

-^0 Preparation of the Catalyst 

The procedure of Inventive Example 4 was followed except that 3.5 grams dibutoxydichlorozirconium and 11 grams 
trimethylsilylcyclopentadiene were used and that a sample (zirconium 0.2 mmol atom) was added with 4 ml toluene 
solution of methylaluminoxane (1 mmol/ml Al concentration) and stirred at room temperature for 30 minutes, followed 
^5 by addition of 0.2 mmol tributylammonium-bis-(nonahydro-1 :3-di-carbauna borate) cobaltate (III) with stirring for 3 
hours. 

Polymerization 

50 The procedure of Inventive Example 4 was followed. There was obtained a 10 grams polymr, analytically indicating 

a catalytic activity of 20 kg/g Zr a polymer density of 0.9105 g/cm^, a melting point of 111.2°C. a. Ml of 1.4 g/10 min 
and Mw/Mn of 7.3 



Inventive Example 6 
Preparation of the Catalyst 

The procedure of Inventive Example 1 was followed except that 4.2 grams tetrabutoxy zirconium, 7.5 grams 
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1,3-dimethylcyclopentadiene and 9.1 grams diisobutytaluminum hydride were used and that a sannple (Zr 0.2 mmol 
atonn) of the resulting solution was added with 4 ml toluene solution of methylaluminoxane (1 mmol/ml Al concentration) 
and stirred at room temperature, followed by addition of 0.2 mmol trityltelra(pentafluorophenyl) borate with stirring for 

3 hours. 

5 

Polymerization 

The procedure of Inventive Example 4 was followed, thereby providing a 200 grams polymer which analytically 
indicated a catalytic activity of 400 kg/g Zr a polymer density of 0.9150 g/cm^, a melting point of IM.S^C, a Ml of 0.9 
10 g/10 min and a Mw/Mn of 7.4. 

Inventive Example 7 

Preparation of the Catalyst 

IS 

The procedure of Inventive Example 1 was followed except that 2.3 grams hafnium tetrachloride, 4.7 grams indene 
and 11.4 grams sodium borohydride were used and that a sample (Zr 0.2 mmol atom) of the resulting solution was 
added with 0.2 mmol trityl-1-calbaundeca borate and stirred at room temperature for 3 hours, followed by addition of 

4 ml toluene solution (1 mmol/ml Al concentration) of methylaluminoxane with stirring for 30 minutes. 

20 

Polymerization 

The procedure of Inventive Example 4 was followed, thereby providing a 10 grams polymer which analytically 
indicated a catalytic activity of 20 kg/g Hf, a polymer density of 0.9200 g/cm^, a melting point of 118.5°C, a Ml of 2.5 
25 g/1 0 min and a Mw/Mn of 7.2. 

Inventive Example 8 

Preparation of the Catalyst 

30 

The procedure of Inventive Example 1 was followed except that 3.4 grams tetrabutoxy titanium, 5.3 grams cy- 
clopentadiene and 22.5 grams in droplets of diisobutylaluminum hydride were used and that a sample (Ti 0.2 mmol 
atom) of the resulting solution was added with 4 ml toluene solution (1 mmol/ml Al concentration) of methylaluminoxane 
and stirred at room temperature for 30 minutes, followed by addition of 0.2 mmol tri(pentafluorophenyl) borane with 
35 stirring for 3 hours. 

Polymerization 

The procedure of Inventive Example 4 was followed, providing a 95 grams polymer which indicated a catalytic 
"^0 activity of 190 kg/g Ti, a polymer density of 0.925 g/cm^.. a melting point of 118.7*C, a Ml of 1 .3 g/10 min and a Mw/Mn 
of 6.9. 

Inventive Example 9 

^5 Preparation of the Catalyst 

The procedure of Inventive Example 1 was followed except that 4.9 grams tetrapropyl hafnium, 5.3 grams cy- 
clopentadiene and 5.8 grams zinc borohydride and that a sample (hafnium 0.2 mmol atom) of the resulting solution 
was added with 4 ml toluene solution (1 mmol/ml Al concentration) of methylaluminoxane and stirred at room temper- 
50 ature for 30 minutes, followed by addition of 0.2 mmol ferrocenium-2,9-dicarbaundeca borate with stirring for 3 hours. 

Polymerization 

The procedure of Inventive Example 4 was followed, whereby there was obtained a 10 grams polymer indicating 
55 a catalytic activity of 20 kg/g Hf, a polymer density of 0.9250 g/crrv^, a melting point of 117.9**C, a Ml of 0.3 g/10 min 
and a Mw/Mn of 7.2. 
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Preparation of the Catalyst 

5 The procedure of Inventive Example 1 was followed except that 2.3 grams tetrachloro zirconium, 6.5 grams meth- 

ylcyclopentadiene and 9.1 grams in droplets of diisobutylaluminum hydride were used and that a sample (Zr 0.2 mmot 
atom) of the resulting solution was added with 4 ml toluene solution (1 mmol/ml Al concentration) of methylaluminoxane 
and stirred at room temperature for 30 minutes, followed by addition of 0.2 mmol trityl-bis-(nonahydride-1 ,3-dicarbauna 
borate) cobaltate (III) with stirring for 3 hours. 

10 

Polymerization 

The procedure of Inventive Example 4 was followed, whereby there was obtained a 80 grams polymer indicating 
a catalytic activity of 160 kg/g Zr, a polymer density of 0.9200 g/cm^, a melting point of 115.1**C, a Ml of 8.3 g/10 min 
'5 and a Mw/Mn of 7.5, 

Inventive Example 11 

Preparation of the Catalvst 

20 

The procedure of Inventive Example 1 was followed except that 3.3 grams tetrapropoxy zirconium, 9.2 grams 
indene and 9. 3 grams diisobutylaluminum hydride were used and that a sample (hafnium 0.2 mmol atom) of the resulting 
solution was added with 10 ml toluene solution (1 mmol/ml Al concentration) of methylaluminoxane and stirred at room 
temperature for 30 minutes, followed by addition of 0.2 mmol ferrocenium-bis(undecahydride-7,8-dicarbaundeca bo- 
?5 rate) nickelate (III) with stirring for 3 hours. 

Polymerization 

The procedure of Inventive Example 4 was followed, providing a 100 grams polymer which indicated a catalytic 
30 activity of 200 kg/g Zr, a polymer density of 0.9105 g/cm^, a melting point of 114.3"C, a Ml of 1 .3 g/IO min and a Mw/Mn 

of 8.5. 



Inventive Example 12 

35 Preparation of the Catalyst 

The procedure of Inventive Example 1 was followed except that 3.3 grams tetrapropoxy zirconium, 9.3 grams 
bisindenylethane and 9.1 grams diisobutylaluminum hydride were used and that a sample of 3 ml of the resulting 
solution (Zr 0.058 mmol/ml concentration) was added with 4.4 ml toluene solution of methylaluminoxane (1 mmol/ml 
^0 Al concentration) and stirred at room temperature for 30 minutes, followed by addition of 0.2 mmol triethylammonium 
tetra(o-f!uorophenyl) borate with stirring for 3 hours. 

Polymerization 

45 The procedure of Inventive Example 1 was followed except that ethylene was charged in place of a mixed butene- 

1 gas. The resulting 40 grams white polymer was analyzed to show a catalytic activity of 20 kg/g Zr, a polymer density 
of 0.9510 g/cm^, a melting point of 132°C, a Ml of 3.5/10 min and a Mw/Mn of 6.3. 

Comparative Example 1 

50 

The procedure of Inventive Example 1 was followed except that catechole borane was not used. The resulting 
polymer was analyzed to show a catalytic activity of 0.3 kg/g Zr, a polymer density of 0.9250 g/cm^, a melting point of 
119.5°C and a Ml of 1.3 g/10 min. 

55 Comparative Example 2 

The procedure of Inventive Example 1 was followed except that indene was not used. Catalytic activity was 0.003 
kg/g Zr. Polymer fusion point was 123.5°C. 
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Comparative Example 3 



The procedure of Inventive Example 1 was followed except that triethylammonium tetra(pentafluorophenyl) borate 
was not used. Catalytic activity was 5 kg/g Zr. The resulting polymer had a density of 0.9200 g/cm^, a melting point of 
118.5°C and a Ml of 2.3 g/10 min. 

Comparative Example 4 



10 



The procedure of Inventive Example 1 was followed except that tri(pentafluorophenyl) borane was not used. Cat- 
alytic activity was 0.005 kg/g Zr 



Claims 

IS 1.- A catalyst useful for the production of olefinic polymers which comprises a compound (A) of the formula 

Me'(OR^)pR%x\.p.<, I 

where and R2 each are 0^-024 hydrocarbon moieties, is a halogen atom, Me^ is titanium, zirconium or 
hafnium, p is 0 < p< 4, q Is 0 < q < 4. and p+q is 0 < p+q <4; 
20 a metal hydride compound (B) consisting at least of one of the compounds of the formulae: 



25 



(Ba) 
(Bb) 

and (Be) 



Me^HaR^ 



3-a 



Me^[Me^HbR^(OR^)4.^.j2 



30 



35 



Me^H IV 



40 



wherein R^, R"*, R^ and R® each are C^-C24 hydrocarbon moieties, Me^ is an element of Group 13 in the Periodic 
Table, Me^ is an element of Group 1, 2 or 12 in the Periodic Table, Z is a valence of Me^, a, b: c and d are 1 < a 
<3, 1 <b<4, 0<c<3, 0<d<4, respectively and 1 < b+c < 4; 

an organocyclic compound (C) having two or more conjugated double-bonds; and a borate and/or borane (D). 



2. A catalyst according to claim 1 further including a modified organoaluminum compound (E) containing Al-O-A! 
bonds and derived from reacting an organoaluminum compound with water. 

45 

3. A catalyst according to claim 1 wherein said compound (B) and said compound (C) each are used in an amount 
of from 0.01 to 1,000 mols, preferably frorn 0.1 to 100 mols per mol of said compound (A). 

4. A catalyst according to claim 1 wherein said borate and/or borane (D) is used in an amount of from 0.1 to 1,000. 
preferably from 0.2 to 100 by an atomic ratio of boron in (D) to transition metal in said compound (A). 

5. A catalyst according to claim 2 wherein said compound (E) is used in an amount of from 0.01 to 1 ,000, preferably 
from 0.1 to 100, by an atomic ratio of aluminum in (E) to boron in (D). 



55 



A process for the polymerization of olefinic hydrocarbons in the presence of the catalyst resulting from contacting 
the components (A)-(D) of any of the preceding claims in which said olefinic hydrocarbons are homopolymerized 
or copolymerized at a temperature in the range of 20'*C to 200°C and a pressure in the range of atmospheric to 
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70 kg/cm2. 

7. A process according to claim 6 wherein said olefinic hydrocarbons include a-olefins. dienes, trienes and styrene 
homologs. 

5 

8. A catalyst according to claim 1 wherein said organocyclic compound (C) is a compound (B) selected from the 
group consisting of (a) an organocyclic hydrocarbon compound having two or more conjugated double bonds and 
(b) organosilicon compound having a cyclic hydrocarbon group containing two or more conjugated double bonds. 

10 9. A catalyst according to claim 1 wherein said organocyclic hydrocarbon compound is a compound having a cy- 
clopentadiene structure. 

10. A catalyst according to claim 1 wherein said and each are selected from the group consisting of alkyi group, 
alkenyl group, allyl group, aryl group and aralkyi group. 

15 
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FIG.l 



(A) TRANSITION METAL COMPONENT 
< ^MeUORMpR^qX\.p_q) 

(Me^=Zr,Ti or Hf ) 
Me^HaR^-a 

Me3[Me2HbR^c(OR^)4-b-cJ z " 



Me^H 



(Me^ -GROUP 13 
Me^-GROUPS 1 .2& 12 ) 

ORGANOCYCLIC COMPOUND 
HAVING MORE THAN 3 
CONJUGATED DOUBLE BONDS 



BORATE and /or BORANE 



OLEFINIC 
POLYMER 



(B) ORGANOMETALLIC COMPONENT 



MODIFIED ORGANOALUMINUM 
COMPOUND CONTAINING 
AL-O-AL BONDS 
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